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Table 1
Relevant studies in sustainable closed-loop SCND.

Articles Sustainability dimension Solution approaches Recyclable Item

Economic Environmental Exact Tire
Subulan et al. (2015a)

. . Economic Environmental Social Exact _
Kannegiesser et al. (2015)
Economic Environmental Exact Batter
Subulan et al. (2015b) 1€ ! y

. . , \ Economic Metaheuristic -
Soleimani and Kannan (2015)

) . - Economic Environmental Exact MIG welder
Das and Posinasetti, 2015

Economic Environmental Social Metaheuristic LED and LCD Televisions
Zhalechian et al. (2016)

Economic Environmental Social Exact -
Tahirov et al. (2016)

Economic Environmental Exact Electronics products
Talaei et al. (2016) P

Soysal (2016) Economic Metaheuristic Soft drink glass

Economic Exact
Tsao et al. (2016) ¢

Economic Environmental Exact
Mohajeri and Fallah (2016) 1€ !

T 9 Economic Environmental Metaheuristic
iwari et al. (2016) ! 1 uristic

Economic Environmental Metaheuristic Gold
Zohal and Soleimani (2016) ! ! uristic

Gaur et al. (2017) Economic Heuristic Battery

Economic Exact Tire
Amin et al. (2017)

P Economic Environmental Social Metaheuristic
Soleimani et al. (2017)

_ Economic Environmental Social Exact
Sgarbossa, and Russo (2017)

Economic Exact
He (2017)

_ Economic Exact
Pedram et al. (2017)
Economic Environmental Social Exact

Arampantzi and Minis (2017)
. . Economic Environmental Exact Electronic services
Nurjanni et al. (2017)

Economic Environmental Exact

Zhou et al. (2017)

_ Economic Environmental Exact Mushroom
Banasik et al. (2017)

_ Economic Environmental Exact Biodiesel
Babazadeh et al. (2017)

- Economic Environmental Metaheuristic
Kadambala et al. (2017)

Economic Environmental Exact

Bazan et al. (2017)

i . Economic Exact Engine oil
Paydar et al. (2017)

_ Economic Environmental Exact
Mohammed et al. (2017)

. Economic Environmental Exact
Heydari et al. (2017)

) . . Economic Metaheuristic
Fard and Hajiaghaei-Keshteli (2018)

This study Economic Environmental Social Hybrid Metaheuristic
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Fig. 1. Tire closed-loop supply chain network.
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Initialize the Red Deers population.
Calculate the fitness and sort them and form the hinds (N;,») and male RDs (N,q).
Set the Pareto optimal fronts.
while (+< maximum number of iteration)
for each male RD
sub=1;
while (sub< maximum number of sub-iteration)
Create a neighbor of this solution by a procedure which is depicted in Fig. S.3.2 from Supplementary
material S.3.
if the new solution is better than prior
Replace the old solution by new solution.
else
Compme 6,6 = Ifald - fnewl-
if rand< exp(—34/T)
Replace the new solution.
endif
endif
sub=sub+1;
endwhile

endfor
Update T.

Sort the males and also form the stags and the commanders.

Form harems: (V, = v,, — max;{v;}; P, = ’ ENC:;— ; N.harem,, = round{P,. Npjnq})-
=1 Vi

Jor each male commander
Mate male commander with the selected hinds of his harem randomly.

com-+thind
EE—
Select a harem randomly and name it £.
Mate male commander with some of the selected hinds of the harem.
end for
Jor each stag

Calculate the distance between the stag and all hinds and select the nearest hind.
stag+hind
-
Mate stag with the selected hind.

end for

Select the next generation with roulette wheel selection.

Update the Pareto optimal solutions.

t=t+1
end while
Consider the best front and evaluate the solutions by assessment metrics.

new =

new =

Fig. 2. The pseudo-code of a multi-objective H-RS
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Set the parameters.

Initialize a random population P of n waves.

Select a crossover procedure as illustrated in Fig. S.3.1 from Supplementary material S.3.
Form the initial Pareto optimal fronts.

X*=the best solution.

while (t< maximum number of iteration)
foreachx €P
Select two solutions by roulette wheel selection.
Apply crossover and generate two solutions.
The best solution among two new solutions is selected as x’
if f(x") is better than f (x)
if f(x") is better than f(X™*)
/*break x'*/

x'(d) = x(d) + N(0,1) x BL(d);
Update X* with x’.
endif
Replace x with x'.
else
Decrease x./1 by one;
if x.h==0
[*refract x to a new x'*/
x'(d) = N(X'(d)‘rx(d) 1X* (d)—x(d)]

2 ' 2
fx),
fly

):
Y =rx
endif
endif
endfor
/*update the wavelengths*/
y¥=v w o~ (F(x)—fmin+e) /(fmax—fmin+e)
t=t+1;
endwhile
return X*
Select the best optimal front and consider the evaluation metrics.
Fig. 3. The pseudo-code of a multi-objective H-WG
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Set the parameters.
Initialize a random population P of n waves.
Form the initial Pareto optimal fronts.

Select a type of mutation according to Fig. $.3.2 from Supplementary material S.3.
X*=the best solution.

while (t< maximum number of iteration)
foreachx €P
/*propagate x to a new x'*/
Generate a neighbor of x named as x’.
if f(x") is better than f(x)
if f(x") is better than f(X*)
/*break x'*/
Consider a memory to save this point as a good solution.
Make a neighbor from this solution and update x.
Update X* with list of memory.
endif

Replace x with x’.
else
Decrease x./ by one;
if x.h==0
/*refract x to a new x'*/
X" (d)+x(d) |X"(d)—x(d)]

X d)=NE———75 )
=y x 12,

)’
endif
endif

endfor

[*update the wavelengths*/

Y=v XOc-((f(x)-fmm+E)/(fmar-fmm+£)

t=t+1;
endwhile
return X*
Select the best optimal front and consider the evaluation metrics.

Fig. 4. The pseudo-code of a multi-objective H-WT
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Initialize the Red Deers population.
Calculate the fitness and sort them and form the hinds (Nj;,¢) and male RDs (Naz).
Form the initial Pareto optimal fronts.
while (t< maximum number of iteration)
Sor each male RD

/*propagate x to a new x'*/
x'(d) =x(d) + U(-1,1) xyL(d) ;
if f(x") is better than f(x)
The new male RD is replaced with the current one.
endif
end for

Form harems: (V, = v, — max;{v;}; P, = ’ENC::T— |; N.harem,, = round{P,. Nyjnq})-
=1 Vi
for each male
Mate male commander with the selected hinds of his harem randomly.
com+hind
-
Select a harem randomly and name it £.
Mate male commander with some of the selected hinds of the harem.

end for

new =

Select the next generation with roulette wheel selection.
Update the Pareto optimal solutions.
=t+1;

end while

Select the best optimal front and consider the evaluation metrics.
Fig. 5. The pseudo-code of a multi-objective H-RW
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Table 2. The level, number and size of test problems
Problem Test Size (I, M,J,L,N,R, T, C, P)
levels problem

P1 (13,16, 21, 20, 15, 13,2, 2, 12)
Small P2 (15,29,30,31,19,18,3,2,12)
P3 (17,30,32,32,21,19,3,2,12)
P4 (25,39,38,41,29,24, 4,4, 12)

6,5, 4

6,54

Medium P5 (29,42,40,44, 32,26, 5,4, 12)
P6 (32,44,42,46, 32,26, 5,4, 12)

P7 (47,65,69, 131,43,36,6,6, 12)
Large P8 (50, 69,73, 136,46,38,7,6, 12)
P9 (54,72,76, 140,49, 40, 8, 6, 12)

Table 3. The parameters and their surfaces for random test problems

Parameters Surfaces

PC! rand{3, 4}

i

pPC* rand{1, 2}

r

PCM PC;’ PCY rand{5s,6,...,10}

mp* ip * np

Mc”  Mmc? mcN MC::, rand{2, 3,...,5}

mpi ? pr np*

TC® rand{1,2, ..., 6}

u]

EH® ~U(0.2,2)

EOM EOj , EO: , EO;’: ?‘a‘]’ld{l. 2, .., 10}

mit ?

EMM™ EM’ EMY EM::. rand{6, 7, ...,9}

mpt * Jp? np

ED rand{5,6,...,15}

P

d rand{16,17, ... 24}
a, ~U(0.2,0.6)
g

FJM FJj,FJJR,FJ”.: rand{5s,6,...,10}

yM VJj,VJ,?r,VJ,f. rand{2,3, ..., 6}

mt ?

ve" vr vEY vi® ~U(0.1,1)

mpt ? jp? np?

FIM FI’ FIR FIV rand{10, 20, ..., 1000}
mt? i’ re? n
B,U. ~U(0,0.2)

pt?
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Table 4. Tuned parameters of algorithms

Algorithm Tuned Parameters

MaxIt=200; nPop=200;N,,4;.=15; ¢=0.8; Sublt=40; R,=0.9;T0=1500;
Ty=Insertion;

H-RS"™ MaxIt=200; nPop=150;N,;,41.=15: ¢ =0.8; Sublt=40; R,=0.9;

T0=2000;Ty=Insertion;

H-WGP™ MaxIt=600; nPop=250; a=1.01; b=0.1; h_  =6; T=Double-point;

H-WG™ MaxIt=600; nPop=250; a=1.001; b=0.1; h,,,=6; T=Double-point;

H-wT™ MaxIt=600; nPop=200; h,,,,=6; Ty,=Reversion; TL=40;

H-wT™ MaxIt=600; nPop=200; h_..=6; T\ =Swap; TL=40;

H-RW™ MaxIt=600; nPop=250; N, .;,=30; a=1.1;

H-RW™ MaxIt=600; nPop=250; Ny,41.=30; a=1.1;

H-RSP™
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Table 5. The mean computational time (Second)

Govindan
Benchmarked | Ghorbani and Babaie (2014) etal. Proposed hybrid metaheuristic algorithms
problem (2015)
GSA PSO RCGA HEV H-RS H-WG H-WT H-RW
Ackley 91.12 41.6 28.91 76.54 50.64 33.14 41.86 38.65
Griewank 92.91 40.78 28.09 75.39 48.19 34.63 42.08 37.26
Penalisedl 105.54 | 56.71 39.58 79.63 64.82 52.31 56.89 51.66
Penalised?2 104.35 | 43.06 36.48 78.21 62.89 51.65 45.83 39.71
Quratic 91.45 38.48 27.99 74.25 48.76 26.97 44.18 37.25
Rastrigin 90.98 37.89 28.45 71.68 46.51 31.93 45.12 49.78
Rosenbrok 98.30 42.91 40.11 74.18 54.27 40.03 53.18 57.48
Schwefel 1.2 95.77 38.86 27.86 75.57 48.94 35.28 47.41 50.63
Schwefel 2.21 | 90.51 42.18 28.35 78.92 49.21 36.15 43.28 47.19
Schwefel 2.22 | 90.08 40.74 27.41 76.54 46.27 33.19 40.82 38.15
Sphere 90.09 37.59 28.68 77.17 45.83 34.61 39.25 35.06
Step 90.21 36.96 26.51 73.89 47.21 35.75 29.18 38.92
Average time | 94.27 41.48 30.7 75.99 51.1283 37.53 44.09 43.4783
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Table 6. The comparison of mean errors resulted from different algorithms
Govindan
Ghorbani and Babaie (2014) et al. This study
(2015)
GSA PSO RCGA HEV H-RS H-WG H-WT H-RW

Ackley 1.1E-05 2E-02 2.15 1.57E-02 1.54E-07 0 6.23E-05 | 3.45E-02
Griewank 2.9E-01 5.5E-02 1.16 6.57E-07 | 8.29E-10 | 7.68E-09 2.86E-02 | 3.67E-04
Penalised | 4.2E-13 2.6E+02 | 5.3E-02 | 2.87E-15 | 2.87E-03 | 8.14E-02 1.2434 2.85E-01
Penalised 2 3.2E-32 | 7.1E+02 | 8.1E-02 0 6.89E-08 | 7.45E-05 3.92E-09 | 4.12E-10
Quratic 5.33E-01 1.04 5.6E-01 0.34 0.1854 1.78E-01 3.76E-03 | 5.37E-02

Rastrigin 15.32 72.8 5.92 5.78 3.78 0 6.89 8.15

Rosenbrok 25.16 1.7E+03 | 1.1E+03 23.86 22.65 18.54 6.54E+01 12.3
Schwefel 1.2 1.6E+03 [ 2.9E+03 | 5.6E+03 | 3.62E-03 5.18E-07 | 3.82E-14 2.97E-4 2.17E-05
Schwefel 2.21 8.5E-06 23.6 11.78 2.57E-05 1.36E-05 | 5.12E-03 4.27E-01 1.26E-07
Schwefel 2.22 6.09E-05 2 1.07 6.38E-11 6.27E-19 1.43E-04 9.52E-05 | 2.67E-09
Sphere 2.1E-10 S5E-02 23.45 3.29 4.37E-19 | 2.17E-16 7.15E-14 | 6.74E-08

Step 2.1E-10 2E-02 24.52 3.87E-28 0 0 0 0

Summation of errors 1641.3 5669.58 | 6770.74 | 3.33E+01 | 2.66E+01 | 1.88E+01 7.40E+01 | 2.08E+01

Functions

by | S dgaze g b (B Hlasl -5-3
390 (EC) (yglomy] (5 00iiS sgama by, «SzgS o3l 1o (oS 5 (5,500 13 (sleat yo5Ul (i Liel (sl

Silo a6l a5 Cenl ons slgies (1971) Haimes et al Lawgs lanl jo 3y, ol 005 (oo 1,8 ool




kol Bas Al Jm (Bae SO L L cwlid g, jlSle coud i opl 40,8 o0 )8 colaiul 540 ddon v
e (Fathollahi Fard et al 2017) jlxe slaj e sl Cosgame oloze a5 Koo Blaal g oo (g 3le g
o, 5ea g Sahebjamnia) sgs o odg Slasl cdlol pois b 95,b slo Jo ol (380 oy, opl j0 095 (oo

ol g3 700 4y 0uds ool EC Ly, colae oo @ do aidly anwgs Jow wll ,» (2018

min Z,

s.t. (33)
Eq.(4)-(34)

Z,<§
Z, 268

min max
VAR A

Z}rm’n S £ gzgnm

J=oly 50,5 o lp mizren .l odal Cews (Z1) ol Bas &l gl ags Jlade 0 S0g, (pl 4 4 b

o ool ogdle S i Wl ol Gam (ZFHM ZIAXY 200 Glaal gl i JT oyl g e ST ouyl

5 Cude JT ol sl > ol (uSlo 31 eolazwl b a8l azwgs Jow ,0 (€5 €7) 550 Bus &l 90 sl ay
S Blae Jo sl 3 o oly al)] e g0 50 oud sleiiy (05 5 )N 12 )08l Sl onl 2 odle
2 i 4 (oS 5 6l 13 K00 (gle anglio § ST (Lo slge I Jol gl el 2 09 (oo oolicil
ol gyl bl 5l e Sl B g Joo e ple Giules a5 Conl moly el ool 3,155 S11 LS olge
255 (o B ey 9550 8T Jgaz by p5 Cend j3 & 5 Joo e jile 02y 5o (29,5 <95 00! ]
bl anslie glp gl < sl S13 oSS lge yo Cuglgl s o ot sl &l s ol s ogdle
5 50 b il e 08 e ons T Uy 15 o5 55 len | s 3550 (ol Ul o ol o e
T gz 50 e g sl ol (al 09 oo 2ol (oS5 (6,550 18 0,550 o LI 8 sla S ol EC

A H-WG 55 o ,580 510 6 95 ol jo 3o gy Jo ol e Jlie plyie ar el oo ool (L




(MNPS) 45 ,L oos 2ol o ol sloss lre Bl pled 10 by 020,65 (5500 6516 0 Shae oy p 5l sl

H- oo ol LIt sla > o) oy lawgio job 40,5l (o lie,l 4 ) o,85d) e cuis MNPS

15 slie clls HAWG ol ol o 0.41 5 0.37 0.59 0.4 s 5 4 H-RW , HWT HWG RS
St JoaST oy 500 sy @y az g b ey (nl bl (oS5 (600N E plo b aslie 1o 95l 550 Jou
o, S 5o ol siSTa> GAMS 54l py 3l eolaiwl b asl P11208 :jg0;51 o EC 29, sl 95,b S ol
EC g, sl (Slonlons ooy calins monm G2al33l b il ol o a0 o )155 46 27 4 (oS 5 (sl
Sl 3 b anslie ,0 335 slo by, b PO 5 PB PT wisle 555 sla ojlail (sl conlplis by (o o33l
oolitl b ulidie 55 slo a5 (sl Logasea |y aalio cnl 12 (o o5 0l 40 o (o pfnd 0 (oS 5

Do oo Al 5L alge o dsgezme b3l Lae oz

Table 7. Pareto solutions of algorithms for test problem P1.
H-RS H-WG H-WT
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Table 8. Comparison of hybrid metaheuristics with exact method by modified number of non-dominated
solutions and its percentage among total number of Pareto frontier
Test H-RS H-WG H-WT H-RW
problem | MNPS | MNPS/NPS | MNPS | MNPS/NPS | MNPS | MNPS/ NPS MNPS MNPS/ NPS
Pl 0.33 8 0.8 0.24 0.45
P2 0.4 0.7 0.3 0.41
P3 0.31 0.53 0.36 0.41
P4 0.54 0.42 0.55 0.4
P5 0.5 0.53 0.4 0.38
P6 0.36 0.6 0.35 0.4
Average 0.4 0.59 0.37 0.41
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Fig. 6. The convergence behavior of hybrid algorithms for Ackley Fig. 7. The convergence behavior of hybrid algorithms for Rastrigin
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Fig. 8. The convergence behavior of hybrid algorithms for Rosenbrok Fig. 9. The convergence behavior of hybrid algorithms for Step
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Fig. 10. The computational time of the proposed hybrid metaheuristic algorithms
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Table 9. NPS’s computational results for algorithms

Test problem

H-RS

H-WT

pri tra

H-WG
pri tra

pri tra

Pl

14 15

14 10

11 13

p2

16 10

13 10

9 13

P3

16 16

13 13

13 11

P4

13 11

15 14

10 9

P5

10 10

11 15

12 10

P6

10 11

14 10

9 14

P7

11 13

14 13

12 9

P8

15 12

12 12

10 13

P9

11 11

13 10

12 12

Table 10. MID’s computational results for algorithms

Test problem

H-RS

H-WG

H-WT

pri tra

pri tra

pri tra

Pl

2.706

1.754

1.656 1.136

1.078 1.399

p2

1.412

3.071

1.38 2.409

2.442 1.259

P3

1.88

3.594

2.552 1.546

2.106 3.8

P4

1.706

1316

1.205 4.614

1.961 1.431

P5

3.53

2.193

1.104 1.204

3.004 4.91

P6

2.675

2.217

1.175 2.409

2.774 2.181

P7

1.412

2.632

1.104 3.341

3.817 1.263

P8

4.236

2.466

1.381 3.136

3.868 3.145

P9

1.706

3.071

2.828 2.273

4.084 3.136

Table 11. MS’s computational results for algorithms

Test problem

H-RS

H-WG

H-WT

H-RW

pri tra

pri tra

pri tra

pri tra

Pl

314683 378213

389217 421648

332674 389210

442781 398574

P2

621096 704962

698535 729910

764832 731825

784503 756211

P3

652671 721905

773526 732891

754893 780329

821904 792852

P4

923619 976435

854733 932415

984672 953718

1023516 994673

P5

1367703 1425704

1526794 | 1550328

1689524 | 1590438

1734255 | 1631563

P6

1450329 1527365

1495503 1698437

1724491 1824437

1650439 | 1731805

P7

1138439 1032785

1054783 1230436

1197265 1091837

1128437 | 1178439

P8

943672 985713

915734 990425

932675 985246

932215 958437

P9

1459430 1624673

1738299 1752145

1790523 1824673

1732901 1685904

Table 12

. SNS’s computational

results for algorithms

Test problem

H-RS

H-WG

H-WT

H-RW

pri tra

pri tra

pri tra

pri tra

Pl

390536 336137

421546 409327

457438 467433

389658 372891

P2

715324 726645

840923 751342

732657 709654

695034 784633

P3

1026743 1015849

1008426 | 1026859

1064529 | 1009438

1043720 | 1059483

P4

1168549 | 1132076

1184923 | 1126327

1198635 | 1215573

1148523 | 1204683

P5

1990645 | 2075842

2043671 2096815

2137658 | 2167965

2187436 | 2190654

P6

2489764 | 2256437

2687549 | 2453671

2557438 | 2516758

2490863 | 2538544

P7

2890754 | 3190654

3268543 | 3290754

3280645 | 3265701

3176854 | 3220549

P8

3754613 | 3829760

3850934 | 3921855

4109634 | 3986725

4062794 | 4014783

P9

5190645 | 5632781

5732897 | 5234186

5843904 | 5910657

5380729 | 5678439
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Fig. 12. ANOVA plots for the assessment metrics in term of RPD by considering transportation matrix representation (i.e. (a) for NPS,
(b) for MID, (c) for MS and (d) for SNS)

16l slal Judax g 4 5225 -5-5

pll a8l arnwg Jow Sl slo el joad b conlus Jdow g 0520 51 (S o Jow 51 (659 0 0 sliel (s

Jeod g 0525 sl |y o el 5l (ormg b Lo .23)5 18 (o) 2 9590 7oLyl s s laly slaal Jlow (6l 098

SeY W sl ane qeloizl g (ame Gy (golall Gla el (et e (o0 S B &l

<bb ead b 50 5 () o (59, g0l Ol 3 gl S e 00 (PC) soss b 5l oo <l

Dy Blas a4 b aold o5 b slo > ofy b jo > ol i e (sl il oo (CAPIrR) cus

2014 )52 3 Govindan)




ol <8l 3k syl w5 b a3 )0 Comwbus Judaxi g & 525-5-5-1
o0 08510 ,5 3L 013y o ol B o pl 5l it i bl sl 0,um0) 4Sd Lol slo Sy 4 azg b
0 bl 050 2 Slp Do b g 4B S B ) 0550 95500 D il 0iel 13 Jguz j0 a5 jglailen 05
Al oo 20l sas jsb ay JS A e o L3k sl S 0y e ange Bl L 3 S 4 azrgs b gl
5 Khot Jlo ol by (o tal31 slgs IS 4y o ool ] 2303 S me ol (ol G158 L
g oo oolaiwl 13 S jo Glaal (gl oo Jloy polie a5 Cowl ;S8 4y p3¥ el 00,55 a5 ol pgus B0

ul.....u C"’L“ ‘Q‘l‘)'? ogMe ewsld axgi B s CGon @‘9.» g_;‘).u.u C;‘;g |) Laa):;obl.; O Sglas Q‘93c5° e

8258 ks b S 3 ol Jige s 0 a5 50 (55, 1 o S8k sla S S 45 923 o

Ay aS wisls lud 2016) O 5 Kily o 3 (e 4 aiiled o B CGul peo g9 gl miles dl 5L

IS S JUEU S PRUIY: 1P P TR T SRV PO L p U S5 i PR VPII] SV CURRLIVN) [P S PUWEIP N WA WL P SEY LIONR: I JURLIY- g




Table 13. An analysis on the profits of returned tires on the network

Number of cases PC* Zy Z, Zy

Cl 1594372.6847 763922.5163 277892.6455
C2 1584266.7135 758249.1074 268352.7479
C3 1574321.8975 773128.3521 265329.5433
C4 1547152.5607 781389.9357 257850.7480
C5 1526689.0476 778439.2954 263289.4739
Coé 1448932.5167 705832.5739 276382.1945
C7 1426854.9533 693871.5395 283372.1853
C8 1432789.5177 673822.8911 259317.3472
C9 1384256.5136 653318.5247 278314.9318

ol | ||| |w| | —

—p—=7] =72

\
N\

RS

Cl Cc2 C3 C4 C5 Co C7 C8 C9
Number of cases

Normalized value

Fig. 13. The behavior of objective functions in term of sensitivity analyses of the purchasing cost of recycled tires.
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Table 14. An analysis on the environmental effect of released scraped tires

Number of cases ED, Z % %

Cl 5 1528215.5835 672470.0583 278392.4758
C2 10 1495194.6756 683591.5382 275451.6857
C3 15 1464911.5867 0695509.6532 278152.5260
C4 20 1448932.5167 705832.5739 276382.1945
C5 25 1435744.6588 716952.8413 269393.1395
Co 30 1438155.3829 728073.6137 262882.0475
C7 35 1423317.5722 739193.5274 265476.6903
C8 40 1392895.3846 750314.4188 251863.8042
C9 45 1379466.3862 761434.7193 253925.5735

/| =72

.

BN
AN

Normalized values

C3 C4 C5 Cé6 C7 C8 C9
Number of cases

Fig. 14. The behavior of objective functions in term of sensitivity analyses of environmental effect of released
scraped tires.
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Table 15. An analysis on the capacity of recyclers for social benefits

Number of cases

CAP* 7 Z, Zs

Cl

300 1421533.6843 693829.3947 241276.8942

C2

400 1427422.9842 697182.4552 257632.9016

C3

500 1448932.5167 705832.5739 276382.1945

C4

600 1453328.9513 705894.3947 283572.1844

C5

700 1516637.2894 713432.4014 289152.7318

Co

800 1428953.2486 718272.4573 292013.5241

C7

900 1484189.3857 716434.5622 298685.1945

C8

1000 1567439.2482 723938.5833 302172.2472

C9

1100 1476933.1985 728591.4574 309263.4559
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Fig. 15. The behavior of objective functions in term of sensitivity analyses of social benefits according to the

capacity of recyclers.
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